OBJECTIVE: To evaluate the findings of magnetic resonance angiography (MRA) and transcranial Doppler ultrasound (TCD) in patients with a clinical diagnosis of vertebrobasilar insufficiency (VBI). METHOD: From our outpatient neurotology clinic, we selected patients (using the criteria proposed by Grad and Baloh) with a clinical diagnosis of VBI. We excluded patients with any definite cause for vestibular symptoms, a noncontrolled metabolic disease or any contraindication to MRA or TCD. The patients in the study group were sex-and age-matched with subjects who did not have vestibular symptoms (control group). Our final group of patients included 24 patients (study, n=12; control, n=12). RESULTS: The MRA results did not demonstrate significant differences in the findings between our study and control groups. TCD demonstrated that the systolic pulse velocity of the right middle cerebral artery, end diastolic velocity of the basilar artery, pulsatility index (PI) of the left middle cerebral artery, PI of the right middle cerebral artery, and PI of the basilar artery were significantly higher in the study group than in the control group, suggesting abnormalities affecting the microcirculation of patients with a clinical diagnosis of VBI compared with controls. CONCLUSION: MRA failed to reveal abnormalities in patients with a clinical diagnosis of VBI compared with controls. The PI of the basilar artery, measured using TCD, demonstrated high sensitivity (91%) and specificity (91%) for detecting clinically diagnosed VBI.
' INTRODUCTION ''Vertebrobasilar insufficiency'' (VBI) is defined as transitory ischemia of the vertebrobasilar circulation, which supplies the medulla, cerebellum, pons, midbrain, thalamus, and occipital cortex (1, 2) . Vertigo and dizziness are the most frequent clinical symptoms of VBI and may quite often occur in isolation, without any additional symptoms. Other frequent symptoms include diplopia, visual blurring, and focal neurological deficits. Those symptoms occur following acute episodes of focal ischemia and, by definition, disappear within 24 hours without further sequelae (3, 4) . Although underdiagnosed, VBI is a frequent cause of dizziness, especially in elderly patients: up to 5% of all individuals over the age of 60 years presenting with dizziness have a subjacent VBI (5) (6) (7) . Nonetheless, it is imperative to accurately diagnose those transitory ischemic events, considering that studies have demonstrated a significant positive correlation between those episodes of transitory ischemia and the odds of a future stroke (1, (8) (9) (10) (11) .
The diagnosis of VBI is clinical, but imaging tests may be used to confirm the disease. The gold-standard test for VBI is arteriography (or angiography) (12) , which is an invasive and risky test, especially in elderly patients; thus, the risks of arteriography may outweigh the potential benefits.
In this study, we aimed to evaluate abnormalities in the magnetic resonance angiography (MRA) and transcranial Doppler ultrasound (TCD) findings in patients with a clinical diagnosis of VBI.
' MATERIALS AND METHODS

Patient selection
Using a nonprobability, purposive sampling technique, we selected patients from the neurotology outpatient clinic of the ''Hospital de Clínicas'' of the ''Faculdade de Medicina da Universidade de São Paulo (HC-FMUSP)'' who had a clinical diagnosis of VBI. Patients were selected using the clinical characterization of VBI proposed by Grad and Baloh (3) (patients with vertigo associated with one or more of the following symptoms: visual dysfunction; drop attacks; unsteadiness/incoordination; extremity weakness; confusion; headache; hearing loss; loss of consciousness; extremity numbness; dysarthria; tinnitus; and perioral numbness). In our clinic, all patients who have dizziness are routinely subjected to an extensive clinical investigation protocol, which includes anamnesis, clinical and otolaryngological examinations, testing of all cranial nerves, evaluation of the static and dynamic balance (Romberg and Fukuda stepping tests), coordination tests (index-nose, index-index and diadochokinesis); tonal and vocal audiometry; tympanometry; complete oculographic examination; and caloric tests. All subjects voluntarily agreed to participate in the research and signed informed consent forms.
We included patients based on the following inclusion criteria: (1) continuous or recurrent dizziness, lasting more than 12 weeks, plus one or more of the following symptoms: visual complaints (including blurry vision and diplopia), drop attacks, dysphagia, dysarthria, facial or limb extremity paresthesia, mental confusion, loss of consciousness, or headache; and (2) one or more risk factors for vascular diseases (including high blood pressure, controlled diabetes, smoking, dyslipidemia, obesity, heart diseases, and peripheral artery disease). The exclusion criteria were defined as follows: (1) dizziness secondary to any other definite etiology; (2) noncontrolled metabolic or autoimmune disease; (3) definite migraine (13) ; or (4) any recommendation against or physical limitation to any of the diagnostic tests we used in this study.
To better assess (and exclude) the presence of possible associated comorbidities or other factors that may be the underlying cause of the vestibular symptoms, all participants were subjected to a geriatric cardiovascular evaluation, which was conducted by a specialist physician from the geriatrics department. During the clinical evaluation, the patients underwent complete clinical and physical examinations, and the blood pressure was measured in the supine decubitus, sitting and standing positions. Additionally, patients underwent blood testing, including full blood cell count, glycated glucose hemoglobin, lipid profile, thyroid function (thyroidstimulation hormone and thyroxine), and renal (creatinine and blood urea nitrogen) and liver (aspartate transaminase and alanine transaminase) function tests. The physician from the geriatrics department also requested additional tests (electrocardiography, Holter, and tilt tests) to exclude potential causes for the vestibular symptoms other than VBI. Although our initial study protocol included angiography as a diagnostic test, most of the patients in our study did not consent to the examination after we disclosed the potential risks. Furthermore, some of the patients had several comorbidities that could constitute additional risks for performing the tests; therefore, we (and our Ethics in Research Committee) considered that performing angiography in disregard of those risks would be ethically questionable. Thus, the patients were diagnosed using clinical criteria.
Using a nonprobability, convenience sampling method, we also selected patients from the geriatric outpatient clinic as controls; these patients were age-and sex-matched to those in our study group. We defined controls as patients who did not have (1) dizziness, (2) a recent history of vascular disease, or (3) migraine or (4) had any recommendation against or physical limitation to any of the diagnostic tests in this study. The first author of this study selected and performed the clinical evaluation of the patients in both groups. An experienced neuroradiologist was responsible for performing MRA and TCD for patients in both groups.
Our final study group included twelve patients who had a clinical diagnosis of VBI (four men and eight women). Their mean age was 72.66 (median=72.66; standard deviation (SD)=8.35). The control group included 12 patients who were sex-and age-matched to the patients in the study group.
Ethical considerations
The Ethics in Research Committee of the HC-FMUSP approved this study (0016/10). Our methodology also complies with the principles dictated by the Declaration of Helsinki.
MRA
The intracranial MRA was performed using a 1.5-Tesla machine and the three-dimensional angiographic sequence with the ''time-of-flight'' (3D-TOF) inflow technique in the axial plane without intravenous contrast. The area of acquisition extended from the foramen magnum to the cranial vertex. The 3D-TOF technique is a validated method for evaluating the intracranial branches of the carotid artery; it provides better resolution and more precise images than T1-weighted MRI technique with intravenous contrast infusion; thus, the 3D-TOF technique is recommended as the best option for evaluating intracranial vessels (11) .
Cervical MRA was performed using a 1.5-tesla machine and the three-dimensional angiographic gradient-echo (3D-GR) sequence in the coronal plane, with a short repetition time (RT) and echo time (ET). During this test, we injected a gadolinium solution of 0.15 mmol/kg at an infusion rate of 2 ml/sec, followed by 20 ml of saline solution. The acquisition area extended from the aortic arch to the cranial base.
We evaluated the right and left internal carotid arteries, basilar arteries and the V1, V2, V3 and V4 branches of the right and left vertebral arteries. When present, stenosis in each segment was graded as follows: (1) no stenosis; (2) less than 50% of stenosis; (3) 50-69% of stenosis; and (4) more than 70% of stenosis.
Only one radiologist was responsible for analyzing the images. The analyses were made using the original images and multiplanar reconstructions with volume rendering (VR) and maximum intensity projection (MIP).
TCD
We performed TCD to evaluate the possible pathological findings in patients with VBI. TCD was performed as per the method described by Aaslid et al. in 1982 (10) . We used the EZ DOP/DWL Compumedics ultrasound system, which had a 2-MHz pulsatile wave emission transducer.
A neurologist with expertise in ultrasound performed all the TCD tests. Using TCD, we evaluated the middle cerebral arteries, the intracranial branches of the carotid arteries, the superior extracranial (V3) and intracranial (V4) portions of the vertebral arteries, and the basilar arteries. The test was performed using the temporal, orbicular, submandibular, and suboccipital windows. Additionally, we performed Doppler ultrasound examination of the carotid arteries and the V1 and V2 segments of the vertebral arteries; in cases where the blood flow in the vertebral arteries was abnormal, the subclavian arteries were analyzed as well.
We considered the following continuous quantitative variables: the peak systolic velocity (PSV), end diastolic velocity (EDV), and pulsatility index (PI). Based on the systolic and diastolic blood velocity obtained by the TCD flow spectrum, the mean velocity (MV) of the blood flow and the PI were automatically calculated by the equipment. If the ultrasound signal was attenuated, the calculations were performed manually using the following formulas: mean velocity = (peak systolic velocityend diastolic velocity) + peak systolic peak velocity / 3; and PI = (peak systolic velocityend diastolic velocity) / MV. Thus, the PI constitutes a ratio between the systolic and diastolic blood flow velocity , with a larger PI indicating increased resistance to blood flow in the microcirculation (14) .
Statistical analysis
To compare the results between the two groups, we used the nonparametric Mann-Whitney test. To establish the cutoff point for each significant variable, we created receiver operating characteristic (ROC) curves. Results were considered statistically significant when the p-value was less than 0.05.
' RESULTS
Regarding the MRA results, we did not observe significant differences in the degree of obstruction in the internal carotid arteries, basilar arteries or four segments of the vertebral arteries between the study and control groups (Table 1) . Furthermore, we did not observe significant narrowing or obstruction of the arteries of any volunteer. We found similar patterns in the distribution of areas with white matter hyperintensity (suggesting microangiopathy) in the cerebral parenchyma of patients in both groups. Other structural abnormalities observed were as follows: (1) one patient from the study group had a bilateral fetal origin of the posterior communicating arteries; (2) two patients (one from each group) had a hypoplastic right vertebral artery; and (3) one patient from the control group had a persistent left trigeminal artery (Supplementary Material).
TCD revealed a significant difference in several tested hemodynamic parameters between the study and control groups, as follows: the PI of the left and right middle cerebral arteries; the PI of the basilar artery; the PSV of the right middle cerebral artery; and the EDV of the basilar artery ( Table 2 ). We did not observe any significant abnormalities in the Doppler ultrasound findings of the vertebral or carotid arteries. No significant variations in blood flow through the arteries were observed during changes in the head position.
ROC curves and analysis of the significant variables
PI of the left middle cerebral artery. The ROC curve of the PI of the left middle cerebral artery showed that higher sensitivity and specificity values were obtained when the test result was higher than 0.85 ( Figure 1 ).
Considering the cutoff of 0.85, the sensitivity of the PI of the left middle artery was 83.3%, the specificity was 75%, the positive predictive value (PPV) was 76.9%, and the negative predictive value (NPV) was 81.8% in diagnosing VBI.
PI of the right middle cerebral artery. The ROC curve of the PI of the right middle cerebral artery showed that higher sensitivity and specificity values were obtained when the test result was higher than 0.88 ( Figure 1 ).
Considering 0.88 as the cutoff, the sensitivity, specificity, PPV, and NPV of the PI of the right middle artery were all 75% in diagnosing VBI.
PI of the basilar artery. The ROC curve of the PI of the basilar artery showed that higher sensitivity and specificity values were obtained when the test result was higher than 1.01 (Figure 1) . Considering 1.01 as the cutoff, the sensitivity, specificity, PPV, and NPV of the PI of the basilar artery in clinically diagnosing VBI were all 96.1%.
PSV of the right middle cerebral artery. The ROC curve of the PSV of the right middle cerebral artery showed the highest sensitivity and specificity values when the test result was higher than 76.00 ( Figure 1) .
Considering 76.00 as the cutoff, the sensitivity of the PSV of the right middle cerebral artery was 83.3%, the specificity was 75%, the PPV was 76.9%, and the NPV was 81.8% in diagnosing VBI clinically.
EDV of the basilar artery. The ROC curve of the EDV of the basilar artery showed that higher sensitivity and specificity values were obtained when the test result was higher than 24.00 ( Figure 1) .
Considering 24.00 as the cutoff, the sensitivity, specificity, PPV, and NPV of the EDV of the basilar artery were all 66.6% in diagnosing VBI clinically.
' DISCUSSION
The sensitivity and specificity of arteriography in detecting abnormalities affecting the posterior circulation are higher than 90%; thus, it is considered the gold-standard examination for diagnosing VBI (12, 15, 16) . However, there are inherent risks to arteriography, including bruising, arterial occlusion, thromboembolism, retroperitoneal hematoma, allergic reactions, stroke, neurological damage, and death (11, 16, 17) . Subjecting patients who have minor symptoms to a risky diagnostic test may give rise to ethical and legal issues. In addition, the clinical diagnostic criteria for vestibular symptoms of vascular origin are well described in the literature (1-3,6); therefore, arteriography should be indicated only in specific cases (6) .
In our study, we performed a thorough and extensive clinical evaluation of patients with suspected VBI to exclude patients with any other underlying cause for the vestibular symptoms. Although the strict selection criteria were applied with the aim of eliminating possible biases, they limited the number of subjects in the study group, especially considering that dizziness of vascular origin mostly affects older patients, who may have chronic, metabolic, and degenerative diseases. However, we are confident that our final study group comprised patients who strictly complied with the guidelines for diagnosing dizziness of vascular origin (1-3,6). Thus, after carefully considering each of those issues, we aimed to evaluate the value of two less invasive tests (MRA and TCD) in detecting intracranial vascular abnormalities in patients with a clinical diagnosis of VBI.
Regarding MRA, our results failed to demonstrate significant differences between the study and control groups, suggesting that MRA may not be a reliable diagnostic test in patients with a clinical diagnosis of VBI. Our results are similar to those described by Grad and Baloh (3), who failed to demonstrate a difference in the MRA findings of patients with a clinical diagnosis of VBI but who had abnormal angiogramsthe authors hypothesized that MRA is not a reliable test in cases of transient ischemia without infarction. On the other hand, Nakagawa et al. (18) demonstrated significant MRA findings in patients with VBI compared with controls. However, the authors used a scoring system to describe their findings, and therefore, we believe that the authors may have included in their results nonsignificant obstructions affecting more than one segment. To decrease the risks of including such nonsignificant obstructions, we evaluated and compared the presence of an obstruction in each arterial segment individually in patients with VBI compared with controls.
MRA demonstrated signs of microangiopathy (gliosis, white matter hyperintensity) in all patients in the study and control groups. These results suggest that those signs of microangiopathy may not reflect abnormalities associated with VBI, as they may be associated with age and other coexisting diseases (arterial hypertension, dyslipidemia, diabetes), which affect the distal vessels of elderly patients. MRA can also indicate an apparent absence of blood flow in vessels with turbulent blood flow (smaller or partially obstructed vessels). Therefore, the lack of a difference in the MRA findings between our groups could have occurred due to false-positive results in the control group.
We found significant differences in several TCD variables, including the PI of the basilar and middle cerebral arteries and the systolic and diastolic velocity of the middle cerebral and basilar arteries. We found a decreased EDV of the basilar artery in patients with VBI; consequently, the PI in the study group was higher than that in the control group. The cutoff (calculated using the ROC curve) of the PI in the group of patients with VBI was within the superior normality levels calculated by Barbosa et al. (19) . Considering that Arnolds and Reuterns (14) reported that the PI is directly related to the resistance to the blood flow in the microcirculation, our results suggest that the increased PI in our study group indicates that a higher resistance to the blood flow occurs in the terminal circulation, rather than in great vessels. We may infer that the most critical pathological changes leading to dizziness of vascular origin occur in the microcirculation of the brain, as demonstrated by an indirect indexthe PI; these results may indicate that patients with a clinical diagnosis of VBI have diffuse microvascular disease affecting the anterior and posterior circulation. Another potential cause of the abnormal blood flow observed on TCD could be extrinsic bone compression (osteophytes and vertebral spine arthrosis). However, such a hypothesis would be less likely in our study for a number of reasons: (1) in the clinical evaluation, we excluded patients with any orthopedic problem that could have led to the vestibular symptom; and (2) we did not observe any significant variation in the blood flow through the vertebral arteries during changes in head position. Another significant finding was the higher PI of the middle cerebral arteries (left and right) in the study group than in the control group. The increased PI in the right middle cerebral arteries may be the consequence of the higher PSV. However, such a hypothesis would not explain the higher PI we found in the left middle cerebral artery. Although we could not find any reasonable explanation for this finding in the literature, we believe that the increased PI in the left middle cerebral artery could be the result of our small sample size. Obstruction to the blood flow through the middle cerebral arteries may lead to a complex clinical syndrome characterized by contralateral hemiparesis, hemisensory deficit, aphasia (if the dominant hemisphere is affected) or negligence (if the nondominant hemisphere is affected), contralateral reduced visual field, dysarthria, and other cortical symptoms (3, 9) . The complex anatomy and the vast number of collateral vessels and territory supplied by the middle cerebral arteries may be the cause of the vast range of clinical symptoms secondary to obstruction of the blood flow. It is possible that diseases affecting the microcirculation of the middle cerebral arteries or their branches lead to some of the clinical symptoms usually attributed to occlusion of the vertebrobasilar arteries. Wong et al. (20) also demonstrated that although there is a significant anatomical distance between the trunks of the vertebrobasilar and middle cerebral arteries, infarction of their terminal branches or in borderline areas may lead to very similar clinical symptoms. Furthermore, Karnath and Dieterich (21) have demonstrated that the superior temporal gyrus (which includes the auditory cortex), the insula and the temporoparietal junction, which together integrate auditory, vestibular, proprioceptive and visual inputs, are partially supplied by the middle cerebral arteries. Additionally, Brandt et al. (22) demonstrated that patients with partial occlusion of the middle cerebral arteries might present with visual symptoms. Therefore, it is possible that pathological changes to the blood flow through the middle cerebral arteries may lead to clinical symptoms that were previously attributed solely to obstruction within the vertebrobasilar system. In conclusion, our results demonstrate that MRA failed to detect abnormalities in patients with a clinical diagnosis of VBI. On the other hand, the PI of the basilar artery, as measured by TCD, showed high sensitivity and specificity (91%) when the PI was higher than 1.01. Considering that the PI seems to provide indirect evidence of abnormalities affecting the microvasculature, it seems that patients with a clinical diagnosis of VBI have abnormalities topographically located in the microcirculation (which are not adequately detected by MRA) rather than in larger vessels. Continued. Continued.
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